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EXPERIMENTAL AND COMPUTER RESEARCH
OF REINFORCED CONCRETE COLUMNS
UNDER HIGH TEMPERATURE EFFECTS

Introduction. The unsatisfactory technical condition of many buildings and structures is the result of their aging
and requires a quick evaluation of the technical condition.

Problem Statement. It is necessary to conduct an experimental research, since it is analytically difficult to desc-
ribe the stress-strain state of structures. The most promising way for verifying these experimental research data is
computer simulation of structures, including in the condition of a fire. It is advisable to use the ANSYS software.

Purpose. To carry out experimental studies of the stress-strain state of a reinforced concrete column at a high
temperature and to make a computer simulation of the process with subsequent comparison of the results.

Materials and Methods. Experimental fire tests of reinforced concrete columns have been conducted in order
to determine the time interval between the start of the test and the establishment of normalized limit of fire resis-
tance for the column based on the loss of supporting capability in the normal temperature conditions. In order to
evaluate the quality of the experiment and the reliability of the obtained temperature distribution, a computer
simulation of the two columns using the ANSYS R.17.1 software has been made.

Results. A comparative analysis of the results of experimental studies and a numerical analysis have been done.
The temperature field distribution in the column is ambiguous and depends on the location of control points.

Conclusions. The obtained results have confirmed that the experimental research and computer simulation
with further numerical analysis can be recommended for practical use. The mathematical model makes it possible
to operatively predict the controlled parameters of building structures. Conclusions on the operability of building
structures with the possible tendency to deterioration of their technical condition under force impact and high
temperature effects taken into consideration are advisory rather than mandatory.
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The poor technical condition of many buil-
dings and structures is a consequence of their
aging and requires an urgent assessment of the
technical condition to prevent emergencies [1—2].
The degree of fire-caused damage to reinforced
concrete structures is very difficult to determine.
The heterogeneity of the physical and mechani-
cal properties of reinforced concrete materials at
a high temperature leads to their different tem-
perature deformations, with bonds between indi-
vidual components broken [3—4]. The multifac-
eted nature of the changes makes it virtually im-
possible to analytically describe the stress-strain
state of structures [5], therefore it is necessary
to fall back upon results of experimental stu-
dies. However, these results usually have a wide
spread and depend on many factors. So, the ex-
periment data need to be verified. In our view, the
most promising way for this is computer-aided
fire design that can be implemented with many
modern finite element programs, one of which is
the ANSYS package [6, 7].

The purpose of this research is to experimen-
tally study the stress-strain state of a reinforced
concrete column at a high temperature, to make a
computer-aided simulation of the process, and
then to compare the results at control points.

Columns, as vertically oriented bar-shaped
supporting structures, are exposed to fire from
four or three sides. The fire resistance tests of
these structures are governed by the national
standard DSTU B B.1.1-13: 2007 Fire Protec-
tion. Columns. Test Method for Fire Resistance
(EN 1365-3: 1999, NEQ) [8]. The standard is in-
tended to determine the limit of fire resistance of
columns made of reinforced concrete, timber, and
the like, as well as steel columns with flame-retar-
dant coating or membrane fireproofing.

The essence of the test method is to determine
the time interval from the start of exposure to the
starting point of the limit fire resistance state for
the column based on the loss of supporting capa-
bility (R) in normal temperature conditions ac-
cording to DSTU B B.1.1-4-98* [9].
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The standard temperature conditions are char-
acterized by a standard curve of temperature
change depending on duration of fire resistance
test [10, 11]:

(1)

where ¢ is environment temperature; t is time,
min; ¢, is initial temperature.

The limiting condition, in terms of the sup-
porting capability loss, for load-tested columns
and for load-free tested reinforced concrete co-
lumns is the sample collapse or reach of the tem-
perature limits for steel columns coated with
flame-retardant.

In the case of testing load-free reinforced con-
crete column samples, it is necessary to install, at
least, 10 thermocouples at equal intervals over
the thickness, in the center of the sample, to de-
termine the fire resistance limit.

For testing load-free reinforced concrete co-
lumn samples, the time of reach of the limit state
in terms of the supporting capability loss is deter-
mined based on temperature measurements over
the sample’s thickness, by the calculation method
that should meet the requirements of the DBN
B.1.1-7-2016 [12].

The limit fire resistance and the class of fire re-
sistance of the column are determined in accor-
dance with DSTU B V.1.1-4-98 * [8].

For the purpose of tests, two identical (sample
No. 1 and sample No. 2) steel-cased reinforced
concrete columns having a height of 2000 mm
and a cross section of 600x600 mm were manu-
factured at the Brovary Plant of Reinforced Con-
crete Products. Each sample had a support frame
that consisted of eight 20 mm diameter vertical
reinforcement wires of A400C class according
to DSTU 3760:2006 [13]. The horizontal rein-
forcement is made of 10 mm diameter wires of
class A240C and is mounted along the outer con-
tour of the vertical reinforcement wires. In ad-
dition, 10 mm diameter wires of A240C class,
which connected the central rods on each face
were used (Fig. 1).

t=345lg (8t + 1) + ¢,
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Fig. 1. General view of reinforcement frame of column
sample

In addition, additional samples (cubes, prisms,
fragments of reinforcing wires) were made, and
their tests enabled obtaining data on the physical
and mechanical properties of the materials used.

All samples were made of concrete of the same
composition. Consumption of materials per 1 m?
of the mix was as follows: 440 kg cement, 660 kg
sand, 1150 kg crushed stone, 153 | water, 17 kg
chemical additives (Relaxol-Leader). The water-
cement ratio was 0.35, the cone slump was 14—
15 cm. The class of concrete was B25.

Having been eased, the columns and the addi-
tional samples were kept for 28 days.

In order to establish the uniformity and pro-
perties of the used concrete, having been manu-
factured the columns were instrumentally stu-
died by non-destructive methods. The strength
of concrete cubes, prisms, and columns was mea-
sured by the ultrasonic method according to
DSTU B V.2.7-226: 2009 [14].

The number and location of control points in
the columns were determined in accordance with
the requirements of DSTU B V.2.7-214: 2009 [15].

First, the column measurements were made
prior to fire tests, using an ultrasonic device UK-
14PM with an absolute error of ultrasound pro-
pagation time 0,017 + 0,1 ms. The measurements
were made by the method of end-to-end exposure
to sound using mechanically unbound piezoelect-
ric converters with a resonant frequency of 60 kHz.

To determine the strength of concrete in the
control points, we used the basic calibration de-
pendence "speed-strength" made for the used de-
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vice based on long-term statistics of the results of
comparative ultrasonic and mechanical tests of
concrete (classes C12 / 15, ..., C28 / 35) and the
data of cube and prism tests. According to the re-
sults of the studies, it was found that the concrete
used for the manufacture of columns, in strength,
corresponds to the class C20 / 25.

After the preliminary tests, the next step was
testing the columns under fire. Since the columns
were tested without load, the limit of fire resis-
tance in terms of the supporting capability loss
(R) was determined based on the temperature
distribution across the column section. Suppor-
ting capability was estimated based on excess of
the average temperature of the support rods by
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Fig. 2. Layout of thermocouples in the column
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Fig. 3. Computer model of the column

480 °C, as compared with the initial temperature.
To measure the temperature of the support rods
of the samples, during the tests, thermocouples
THA (T1... T4) were installed on four rods of
each sample. Five thermocouples THA (T5... T9)
were installed to obtain the temperature distri-
bution across the sample section [16]. The layout
of thermocouples is shown in Fig. 2.

As aresult of the test, the limit of fire resistance
was calculated by the formula

Z"fr = tmes - At’

(2)
where ¢, is fire resistance limit, min; ¢,,, tmes is
the least time from the start of the test to the
reach of fire resistance limit, min; Af is error,
min.

Error At is estimated using the formula:
At = (07015tmes+ 3)(As o Af)/(As o Amin)’ (3)

where A, A, A, are integral values of standard
temperature, average temperature in furnace and
minimum permissible temperature in furnace,
respectively.

Sample No. 1 lost its supporting capability in
152 min, since the average temperature (T, .e)
of the vertical rods exceeded the initial one by
480 °C.
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After the tests, the column was inspected. The-
re were detected numerous damages of the concre-
te surface in the form of cracks.

Sample No. 2 did not lose its supporting capa-
bility, as the average temperature of the support
rods did not exceed the initial one by 480 °C.

Upon completion of the tests, the column was
cut to determine the nature of damages and the
concrete properties along the section. The cut-
ting was made in the plant conditions, using spe-
cialized equipment. It enabled establishing the
fact that in the corner zones and around the pe-
rimeter there was a destruction of concrete with
circle-wise formation of cracks. A core that was
almost undamaged during the tests was formed in
the central part of the cross section.

The measurement results were recorded eve-
ry minute. Table 1 shows the results for sample
no. 1, for each 10 minutes.

In order to evaluate the quality of the experi-
ment and the reliability of the obtained tempera-
ture distribution, a computer simulation for both
columns was made using the ANSYS R17.1 soft-
ware package [6] (Fig. 3a). The temperature
distribution in the column at the 17* minute is
given in Fig. 3b (given the symmetry, only a quar-
ter of the column is shown).
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Table. Comparison of Experiment and Computer Results

Tlil‘:‘rf T ow | ANSYS EZZ’“ T, ANSYS Er;)"“ T orae ANSYS Er;)"“
0 6 8 25.0 6 7 14.3 6 7 14.3
10 19 23 174 7 7 0 7 7 0
20 61 70 129 9 8 1.1 9 8 1.1
30 105 116 9.5 17 16 5.9 19 17 105
40 129 143 9.8 36 33 8.3 55 50 9.1
50 163 180 9.4 67 61 8.9 85 77 9.4
60 199 220 9.5 98 89 9.2 100 91 9.0
70 238 263 9.5 103 94 8.7 102 93 8.8
80 279 308 9.4 103 94 8.7 104 95 8.7
90 319 353 9.6 104 95 8.6 107 987 9.3
100 355 393 9.7 108 98 9.2 119 108 9.2
110 382 423 9.7 114 104 8.8 123 112 8.9
120 409 453 9.7 124 113 8.9 135 123 8.9
130 437 484 9.7 137 125 8.8 150 136 9.3
140 463 512 9.6 152 139 8.6 166 151 9.0
150 484 536 9.7 170 155 8.8 185 168 9.2
152 487 539 9.6 174 159 8.6 190 173 9.0

The analysis of Table 1 has shown that the re-
sults of experimental studies and numerical ana-
lysis with the use of ANSYS are quite different
for the first 30 minutes, at all control points.
However, later, this difference is stabilized and
up to the end of the experiment does not exceed
10.0%, which, in our opinion, can be to consider it
perfectly acceptable.

It is important that the temperature distribu-
tion across the column is not uniform and depends

REFERENCES
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EKCIIEPMMEHTAJIBHI TA KOMIT'IOTEPHI JOCJIIKEHHS
SAJIIBOBETOHHNX KOJIOH 3A BUCOKUX TEMITEPATYPHUX BIIJIBIB

Beryn. Hesagosinbruii TexHiuHNN cTal 6araTboX OYAiBesb Ta CIIOPY/ € HACTIAKOM iX cTapiHHs Ta moTpebye HeBiaKIaI-
HOI OI[IHKY TEXHIYHOTO CTaHY.

IIpoGaemartuka. OCKiJIbKY aHATITUYHO CKJIaIHO OIMCATH HAIIPYysKeHO-1e(OPMOBaHUii CTaH KOHCTPYKIIIN. HEOOXiZHO 1po-
BOJUTHU €KCTIEPUMEHTANbHI TOCTiKeHHsT. HaltbiIbIn TepCIeKTUBHUM TIISIXOM BepU(iKalli TaKUX eKCIIePIMEHTATBHIX 0~
CJTIKEHDb € KOMIT'I0TEPHE MOJICJIOBAHHS KOHCTPYKIIiii. 30KpeMa if 1iJ[ 4ac moKexKi.

Mera. ExcriepuMeHTaIbHI 0CITIIZKEHHS HAIIPYKEeHO-1e(hOPMOBAHOIO CTaHY 313006 TOHHOI KOJIOHU 332 BUCOKUX TeMIIe-
paryp Ta KOMIT'I0TepHe MOJIETIOBAHHS I[bOTO IIPOIIECY 3 MOJAIBIINM HOTr0 aHAIi30M.

Marepiaim it Metoau. ITpoBeieHo exciiepiMenTaIbHi BOTHEB] BUITPOOYBAHHST 32113006 TOHHUX KOJIOH 3 METOIO BU3HAYEH-
HsI IPOMIJKKY 4acy Bijl OYaTKy BUIPOOYBAHHS JI0 HACTAHHSI HOPMOBAHOTO JJIsT KOJIOHU IPAHUYHOTO CTaHy 3 BOTHECTIHKOCTI
3a O3HAKOK BTPATH ONOPHOI 3/IaTHOCTI B YMOBaX CTaHAAPTHOIO TEMIIEPATYPHOTO PesKUMY XapaKTePUCTUKU OETOHY KOJIOH
ITiCJIs1 BUTOTOBJICHHS] BUBHAYEHO HEPYHHIBHUMHU METOJIAMU. 3 METOIO OIliHKH SKOCTi €KCIIEPUMEHTY Ta IOCTOBIPHOCTI OTPH-
MAaHOTO PO3IIOALLY TEMIIEPATYDP BUKOHAHO KOMIT FOTEPHE MOJIE/IIOBAHHS 000X KOJIOH y riporpamuomy koMiuiekei ANSYS R.17.1.

Pesyabratu. [IpoBejieno mopiBHsIbHUI aHATI3 PE3YJIBTATIB €KCIIEPUMEHTAIBHUX JIOCTi/IPKEHD Ta JAHUX KOMIT I0TEPHOTO
MoJiesiioBanHs. Po31ozis remiiepatypHoro 1modis 110 KOJIOHI € HeOHO3HAUYHUM 1 3aJIeKUTD Bijl PO3TAIyBaHHS KOHTPOJIbHUX
TOYOK.

BucuoBku. [ligTBepkeno. 1o MeTOANKY MPOBEEHNX eKCITEPIMEHTATBHUX TOCIKeHD i KOMIT I0TEPHOTO MO/IEeTIOBAHHST
3 MOJIAJIBIIUM YUCEIbHUM aHAII30M MOKe Oy TH PEKOMEHIOBAHO /ISt IPAKTUYHOIO 3aCTOCYBaHHS. MareMaTuuHa MOJeJIb [1a€
MOJKJIMBICTH OIIEPATUBHOIO IIPOTHO3YBAHHS 3HAYEHb KOHTPOJIbOBAHUX MapaMeTpiB OyiBeJbHUX KOHCTPYKIi. BucHOBOK
PO eKCIIyaTalliiiHy MPUAATHICTD OyiBeIbHUX KOHCTPYKIIHN 3 BpaxyBaHHAM MOKJIMBOI TEHAEHIIIl 10 TOTipIIeHHST IXHBOTO
TEXHIYHOTO CTaHy ITPU CHJIOBUX Ta BUCOKOTEMIIEPATYPHUX BIUIMBAX MAa€ PEKOMEHIAIIHIIT XapaKkTep.

Kniouosi crosa: ANSYS, moxkeska. KOMITTIOTEPHE MOJIETIOBAHHS. 3a1i300€TOHHI KOJIOHH. OY/iBeTbHI KOHCTPYKIT.
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